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The absence ofinhibitory effect of urethane (given in doses which reduce mitosis) on tissue metabolism indicates thaturethanepossibly inhibitssomespecific cell process or prevents the utilization of the energy of glycolysis or respiration from synthetic processes.
Studies on the effect of methyldi(2-chloroethyl)-amine (HN2) on the metabolism of the Walker carcinoma showed a decrease in glycolysis some days after treatment (Boyland, Clegg, Koller, Rhoden & Warwick, 1948) . Urethane resembles nitrogen mustard in its cytological effects, and a similar effect on metabolism had been expected. The inhibition of glycolysis observed with nitrogen mustard is probably due to effects on hexokinase, and this may not be the fundamental cause of the nuclear damage, but rather an indication that phosphokinases are affected. Urethane may inhibit such phosphokinases (as yet unidentified) which are concerned with nucleoprotein metabolism, but the biochemical mechanism of its action is as yet unknown. SUMMARY 1. As urethane is hydrolyzed by cold caustic alkali to give quantitative yields ofethanol, it can be estimated by incubation with potassium hydroxide in Conway units and determination of the ethanol absorbed in acidpotassium dichromate. This method can be applied directly to blood (using 0-2 ml.), urine or tissue extracts.
2. Following injection, urethane becomes evenly distributed in all the tissues of the body. Only a small amount is excreted in urine but the greater part is metabolized. The metabolism is slower in tumour-bearing rats than in normal rats.
3. Of two patients treated with urethane the blood of one showed a decrease in true cholinesterase while the blood pseudocholinesterase of the other patient decreased.
4. Treatment of rats or mice with urethane in doses sufficient to cause inhibition of mitosis or induce cancer of the lung did not reduce the respiration or glycolysis of lung, jejunum or Walker carcinoma tissue.
calving and its subsequent dilution by a true lacteal secretion would account for the composition and properties of colostrum and the rapid change from colostrum to milk after calving.
Colostrum itself was shown by Orcutt & Howe (1922) to be rich in easily salted-out globulins and antibodies, both ofwhich were absent from the serum of the newborn calf, but appeared therein after the ingestion of colostrum. This work explained the experiments of Smith & Little (1922) , which showed that feeding colostrum prevented losses of calves from infections in the first week oflife, and suggested that one of the most important constituents of colostrum was an immune globulin. Such a protein has recently been prepared from this source and investigated by Smith (1946 a, b) .
An immune globulin from bovine precolostrum has been investigated in the present work. This secretion has been examined for Howe's (1922) nitrogen fractions, bulked samples fractionated, the fractions examined for the distribution of antibody and the properties of an immune globulin fraction investigated, mainly by physico-chemical methods. 
Nitrogen fraction8
It has been noted that bovine colostrum is rich in easily salted-out globulins, viz. the euglobulin and pseudoglobulin I fractions of Howe. Accordingly, to see how the proteins of precolostrum compared with those of colostrum in this respect, the distribution of nitrogen in different fractions was investigated in four samples of precolostrum using a modification of Howe's (1922) method. colostrum has been reported in two papers. Orcutt & Howe (1922) found an upper limit of 16-5 g./100 ml. for the precipitation of antibodies to E8cherichia coli and Brucella abortus by sodium sulphate, and Smith (1946a, b) prepared an immune globulin fraction by precipitation at 0-3 saturation with ammonium sulphate. The present antibody globulin of precolostrum therefore resembles that of colostrum in its salting-out behaviour.
The 0/33 (NH4)2S04 fraction would be described as a euglobulin in Sorensen's terminology. However, it has been seen that the antibody was also found in the pseudoglobulin fraction obtained by dialysis. The terms euglobulin and pseudoglobulin therefore need some discussion. They have Distribution of antibody The agglutinin to Brucella abortus is one of the antibodies that have been studied in bovine colostrum. This is because it is a convenient antibody for many purposes since it occurs frequently in this species and can be easily titrated, and not because it is of any importance to the newborn calf. This antibody was known to have been present in the bulk samples of precolostrum used in the present work. Its distribution in the various fractions obtained above was therefore determined as a guide to the nature of the globulin of this and possibly of other antibodies in the secretion. As shown in Table 4 Vol. 44 PRECOLOSTR in separating serum globulins, further examination ofthe fractions described in the preceding section was limited to those obtained by salting out with ammonium sulphate. These fractions were examined by electrophoresis in the Tiselius apparatus to obtain information on their purity and to enable some comparison to be made with other proteins.
The two fractions, were examined at 4°using a simple schleren optical system, 1 month after preparation; and at AL GLOBULIN 535 200 using the Philpot diagonal schlieren optical system, 7 months after storage at 4°. The velocity of each component was obtained either graphically by following its migration with a ground-glass scale or a cathetometer, or by measuring photographs taken near the start and finish of the electrophoresis, or by both methods.
The number and proportion of the chief components were similar at the two temperatures, but the mobilities were appreciably higher at 200 than at 40 (see Table 5 and Fig. 1 ).
At 40, fraction 0/33 showed a single strong band with a at pH 7-0 in phosphate buffer: the pink colour appeared to be present and to move at the same rate.
At 200, fraction 0/33 showed one main peak with a mobility of approximately 0-4 u./sec./V./cm. at pH 7-5 in phosphate buffer, which became squat towards the end of the day's run. The coloured substance could be seen but gave no peak; it had an average mobility of 0-6 ,u./sec./V./cm.
A number of small peaks were visible which were probably due to convectional disturbances. Fraction 40/50 again showed six components; the chief component, no. 4, had a mobility of approximately 0-9 p./sec./V./cm. at pH 7-5 in phosphate buffer.
The differences in mobilities in the two sets of experiments are greater than would be expected to arise from the small differences in pH of the measurements, as the latter were made on the alkaline side of the isoelectric point where the slope of the pH-mobility curve of proteins is least. They are probably due to the effect of temperature on viscosity, since an approximate correction for the latter, using the viscosity data for water of Svedberg & Pedersen (1940) Comparison of the present results at the appropriate temperature can be made with those obtained by other workers on proteins of bovine origin: this is shown in Table 6 , where the mobilities have been rounded off to the first decimal place, and when necessary the average of the ascending and descending mobilities has been taken. The mobility of the chief component of fraction 0/33 at 4°does not correspond to that of any of the normal serum globulins, being about twice as fast as bovine y-globulin: it is approximately the same as that found for the immune globulin of colostrum and whey, and the T-component of immnune plasma by Smith (1946 a, b) , the component i2, of colostrum described by Gronwall (1947) and the y-globulin appearing in the sera of young calves on the ingestion of colostrum, reported by Jameson, AlvarezTostado & Sortor (1942) and San Clemente & Huddleson (1943) .
The mobility of the main component of fraction 40/50 at 40 was similar to that ofthe main component of fraction A, casein, of colostrum, described by Smith (1946a, b) and to that of component i1, one of the characteristic proteins of colostrum found by Gronwall (1947) . As the amount of casein in precolostrum was very small and any present was removed in the fractionation process, the main component ofthis fraction is possibly the same as the protein i1, referred to above. The mobility of the fastest component of fraction 40/50 at 200 is similar to that found by Pedersen (1937) for lactoglobulin at this temperature.
The coloured component appearing in both fractions showed a mobility similar to that of other proteins described in colostrum, but as the colour of the latter has received no special comment, the resemblance is probably superficial.
Fraction 0/33, it has been noted, contained one main component. The diffuseness of the bands in the experiments at 40, and the flatness of the curves in the experiments at 200, appear greater than might be expected to arise from diffusion alone, and suggest that the preparation was heterogeneous. Unfortun- Green (1933) . The solution for the mobility measurements was made by adding 1 ml. of 1-5 g./100 ml. solution of the protein in saline to 1 ml. of Nujol emulsion in a 50 ml. flask, adding the appropriate amounts of standard acetic acid and NaOH or KH2PO4 and KOH solutions, and making up to a volume with water. The solution after standing 15 min. was introduced into a doubletubed cell similar to that of Smith & Lisse (1936) , but fitted with reversible Ag-AgCl electrodes in compartments separated from the rest of the cell by a constriction plugged with cotton wool. The electrodes were connected through a milliammeter and a reversing switch to a variable resistance connected across 200 V. d.c. mains. A voltmeter could be connected across the electrodes when desired. The applied potential was varied so that the current flowing through the cell did not exceed 5 ma., in order to avoid any convection disturbances through the heating effect of the current. The velocity of the adsorbed protein was obtained by timing ten droplets in both directions across a calibrated eye-piece micrometer, with a stopwatch reading to 0-1 sec. These measurements were made at the central stationary level of the smaller tube; this level was easily determined experimentally by a series of measurements at various apparent depths. The conductivity and pH of the solution were measured after its removal from the cell.
It was difficult to maintain constant conditions ofmeasurement in some cases because ofthe heat produced by the lamp. Some typical figures in Table 7 show that the temperature and (probably as aresult ofthis) the current flowingincreased, while the applied potential remained constant. Consequently, it was more convenient to calculate the potential gradient from the potential difference across, rather than from the current through, the cell. Any error involved in this procedure was small since good agreement was obtained with figures based on a mid value for the current, as shown in Table 8 . The final protein concentration obtained in this method, namelyO.03g./100 ml.,was shown to be sufficient to coverthe droplets by (1) determining the pH mobility curve of Nujol droplets alone at 0-1 ionic strength, which showed mobilities several times greater than when protein was present; and (2) determining the mobility of droplets at pH 7-48 and ionic strength 0-1 in the presence of a decreasing concentration of protein; atthe lowest protein concentration, 0-001 g./100 ml., this showed droplets of two distinct mobilities, indicating coated and uncoated droplets, and at higher protein concentrations, a uniform value, decreasing slightly with increase of protein concentration, probably because of the effect of viscosity. The pH-mobility curves were drawn fromthe data obtained at different ionic strengths (not included here). The appropriate mobility of the adsorbed protein, 0 97 ./sec./V./cm., was considerably higher than that, 04-4./sec./V./cm., found for the dissolved protein in the Tiselius apparatus at 20°, but was close to the value, 0 93 u./sec./V./cm., found for the chief component of fraction 40/50 in solution.
The iso-ionic point of the adsorbed protein was derived from the pH-mobility curves as follows: (1) ever, few proteins for which data are available for making a comparison like this. Horse-serum albumin, egg albumin and horse-serum pseudoglobulin were studied in solution by Tiselius (1930 Tiselius ( , 1937 and adsorbed on inert particles by Abrahamson (1932) and Moyer (1938a, b) . The data on serum albumin showed good agreement, but in the case of egg albumin, the pH-mobility curve of the absorbed protein was slightly displaced to give an isoelectric point at pH 4-82 instead of at pH 4-55. The data for adsorbed pseudoglobulin showed good agreement with the early work of Tiselius in which the migration ofthe boundary was followed by ultraviolet adsorption at 200. This agreement, however, requires qualification as Tiselius later resolved the pseudoglobulin into a-and y-globulin with his improved apparatus working at 00, so that this comparison has not been made on a pure protein.
Adsorbed unfractionated horse-serum globulin was studied by Moyer & Moy?r (1940) , and was found to behave like the a-globulin of Tiselius, if allowance was made for the different temperatures of measurement; this suggested that adsorption had been selective. There is thus some evidence against the view that adsorption affects the ionization of a protein. This favours an alternative explanation of the present results, viz. that a trace ofsome substance more surface-active than the chief constituent of the fraction was present. This possibility is supported by similar mobilities noted for the adsorbed protein and the chief component of fraction 40/50 in solution.
*0 NpH
Mean molecular weight. The osmotic pressure of a series of 5-0 60 7-0 dilutions ofthe fraction in saline was determined in an Adairtype osmometer in a thermostat at 200. The position of the descending inner meniscus was followed with a cathetometer; the initial rapid fall of the meniscus was succeeded by a slight but steady decrease due to slow denaturation of Fig 3. the protein. The equilibrium position was obtained by ,/AIonic strength)
Except at the lowest concentrations, the points fall on a Fig. 4 . straight line which, however, does not pass through the origin. The molecular weight was evaluated by plotting p/c i-mobility data at zero ionic strength (Fig. 3 ) from against c in three ways, shown inFig. 6: (1) line A corresponds so-ionic point of pH 5-13 was obtained; (2) the iso-to the experimental data and indicates an uncorrected )ints at the different ionic strengths were inter-molecular weight of 170,000 at the higher concentrations, but nd plotted against the square root of the ionic is too curved to extrapolate to c =0; (2) line Bis derived from Fig. 4 ) and extrapolated to give an iso-ionic point the curve drawn to fit the experimental data and to pass 5 through the origin; on extrapolation to c =0 it gives a molecular weight of 300,000; (3) line C is obtained from the [ifferent mobilities of the protein in the experimental data adjusted to an origin at the intersection and dissolved state may be explained by of the straight line through them with the c axis; on extra-I ionization on adsorption. There are, how-polation to c =0 it gives a molecular weight of 146,000.
I949
As the results obtained at the lowest concentrations are less accurate, because of the relatively greater capillary correction, than those obtained at higher concentrations, the latter, which fell approximately on a straight line, are more This value is somewhat higher than those found for immune bovine colostral globulins by Smith (1946a, b) , 180,000, and for serum globulins by Adair & Robinson (1930) , 175,000, and by Burk (1937) , 173,000. It is quite different from that found for lactoglobulin by Pedersen (1937) , 41,500 and 38,000 and for the immune globulin of bovine antipneumococcus serum by Kabat (1939) , 910,000.
Solubility. As the purity of a preparation of high molecular weight is not established by any one criterion such as electrophoretic mobility, the number of thermodynamic compoxients in the fraction was investigated by two solubility methods, namely, the salting-out curve of Cohn (1925) solubility as a function of salt concentrations-and the phase test-solubility as a function of total amount of solute.
The 8alting-out curve. The protein solution (0 5 ml.) was added to 15 ml. portions of a series of dilutions of a 3M-phosphate buffer at pH 6-5, prepared according to Butler & Montgomery (1932) ,left standing in awater bathat 200over-night, filtered through a no. 50 Whatman paper and the nitrogen determined on 2 ml. ofthe filtrate. The solubility is plotted on a logarithmic scale against the molarity of the phosphate buffer in Fig. 7 . It is evident that the protein has been precipitated in two stages between the limits 1 2-1-4 and 1-42-1x, the salting-out constants, K,', being 0-22 and 0 91 respectively. The phase test. Increasing amounts of the protein solution were made up to 15 ml. with distilled water and phosphate buffer to give a final phosphate concentration of 1-4m at pH 6-5; the solutions were then shaken vigorously and left standing in a water bath at 200 overnight, filtered through a no. 50 Whatman paper and the nitrogen determined on 2 ml. of the filtrate. The total N calculated from the volume and concentration of the protein solution used, and the soluble N found are given in Fig. 8 . This shows three parts to the solubility curve, indicating saturation with components at A and B and the existence of at least a third component whose point of saturation was not attained. The solubilities of the first two components were obtained from the intercepts of the extrapolated portions of the curve on the ordinate A' and B' and found to be, in terms of N, 0-06 and 0-27 mg./ml. respectively. The proportions determined graphically by the procedure shown in Fig. 9 were found to be 53 and 17 % of the protein respectively. Table 9 , which shows an average value of 15-15 %, equivalent to a factor of 6*60. This value is a little lower than that reported by Smith(1946a, b) for the immune globulin of bovine colostrum, namely 15-44 and 15-53 %, but is close to the value of 15-2% found for serum globulin by Adair & Robinson (1930) between the limits 1*2-1 6M and 1-5-2-5M, and the finding of Butler, Blatt & Southgate (1935) the species in which it is formed, the manner in which its formation is stimulated and the stage in the response to the antigenic stimulus. In the present work, tests were made for the Brucella agglutinin only, and this was found to be confined to fraction 0/33 of the salting-out fractions. As other antibodies of the secretion may have similar solubilities,. this fraction is probably not biologically pure and may be described tentatively as the immune globulin of bovine precolostrum. The extent to which this fraction is chemically homogeneous may be judged from the present results in 0.5 540 I949 several ways. Electrophoresis of the dissolved protein showed one component probably accounting for all the fraction. Electrophoresis of the adsorbed fraction suggested that a minor component may have been preferentially adsorbed. The salting-out curve showed a chief component and one other, and the phase test a chief component and two others. In considering these results it should be borne in mind that electrophoresis of the adsorbed protein may afford a very sensitive qualitative test of the purity ofthe protein, as it would be affected by the presence of quite small amounts of other proteins if these were more surface active than the main constituent, and that the phase test is one ofthe most sensitive tests of purity available, since a protein may appear homogeneous in the ultracentrifuge and Tiselius apparatus and still fail this test. It is therefore considered that while the present fraction is not pure, it does represent a promisingly high degree of separation of the main component of precolostrum with which the immune properties of the latter appear to be associated.
The properties of an immune globulin from bovine precolostrum are not without significance in connexion with the formation of this material and its relation to the subsequent secretions from the bovine udder. This aspect of the present results and of other experiments will be discussed elsewhere by Blakemore & McDougall (unpublished) . Here it may be pointed out that the resemblance noted between the main electrophoretic component ofprecolostrum and the T-component of bovine plasma suggests that the precolostrum globulins are secreted from the blood stream, a view which is supported by the antibody studies of Blakemore (1947) . The globulins of precolostrum resemble those of colostrum, in that a high proportion of them are easily salted out; that the easily salted-out globulins bear the Brucella agglutinins and probably other antibodies ofthe secretion; and that the main globulin fraction resembles the immune globulin of colostrum, in the mobility of its mtin electrophoretic component, its approximate molecular weight, and its salting-out limits. These similarities support the view on the interrelation of precolostrum, colostrum and milk mentioned in the introduction, and suggest that an adequate dry period is necessary before calving to yield the best colostrum. SUMMARY 1. Bovine precolostral globulins contain a high proportion of Howe's (1922) euglobulin and pseudoglobulin I fractions, i.e. those most easily salted out.
2. An easily salted-out immune globulin fraction has been prepared by ammonium sulphate precipitation at 33% saturation.
3. This fraction contained one electrophoretic component with a mobility of 0-2p./sec./V./cm. at 40, in phosphate buffer at pH 7-0 and ionic strength 0-1; but solubility tests in phosphate buffers indicated more than one component. It had an apparent molecular weight (tentatively proposed) of 300,000, a nitrogen content of 15-15% and a partial specific volume of 0-723.
4. The properties of this fraction are discussed in relation to the T-component of bovine plasma and the immune globulin of bovine colostrum.
